Searching PAJ 




PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 02-004901 
(43)Date of publication of application : 09.01.1990 



(51)IntCI. 




B22F 1/00 
B22F 9/04 
H01F 1/06 




(21 application number ; 


: 63-159758 


(71)Applicant : 


; MITSUBISHI METAL CORP 


(22)Date of filing : 


28.06.1 988 


(72)Inventor : 


TAKESHITA TAKUO 






NAKAYAMA RYOJI 








OGAWA TAMOTSU 



(30)Priority 

Priority number : 36223834 Priority date : 22.09.1987 Priority country : JP 
363 4630 29.02.1988 

JP 



(54) MANUFACTURE OF RARE EARTH ELEMENT-FE-B SERIES ALLOY MAGNET POWDER 

(57)Abstract 

PURPOSE: To manufacture rare earth element-Fe-B series alloy magnet powder having excellent magnetic 
characteristic at high yield by occluding H2 into the alloy containing rare earth element Fe and B as the main 
components and successively cooling after executing H2 removing treatment under specific condition. 
CONSTITUTION: An ingot or powder of the alloy having the rare earth element containing Y, and Fe and B as the 
main components is held at 500-1,000° C under atmosphere of H2 gas or mixed gas of H2 gas and inert gas, if 
necessary after homogenizing treatment at 600-1.200° C, to occlude H2. Then, it is desirable to execute H2 
occlusion under pressure or partial pressure of H2 gas at 10-760Torr. Successively, the H2 removing treatment in 
the H2 storage alloy is executed at 500-1,000° C under vacuum or the inert gas atmosphere up to <1 x 10-1Torr 
the pressure or the partial pressure of H2 gas. Then, if necessary after executing the heat treatment to the alloy at 
300-1,000° C. it is cooled. By this method, the rare earth element-Fe-B alloy magnet powder having excellent 
magnetic characteristic and being suitable to use to a bonded magnet is obtd. 
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i 

Y «r*ir#r±£5E* (BTRT*t) tFe 

Hs^ * JE * # 1 OTorrEl ±.<DMf * #il 4" * tz fiHj# ^ 

T\ raS:500~1000 ! C(c:^^LT±BE-^^CO'l' >3*j/ F 

H 2 ^f^)I^) : 1 x 10-'Toi-raTOK^#ffl^4fcf4H 2 #* 

S : 500- lOOCCT-J^H^S L » 

O l^T'ftiH- 5 r t §r*H£ t -f 5 #±51 -Fe - B 

[111**2] YSr^ir^±®7cm (EiTRT^t) tFe 



10 



4 3 T-^?sd^_ktaf£,S:5oo~iooo < ci;:#?g.u si^tv^x 

H,^f * ffi^l # 1 OTorrtA ± <7?H 2 ^f * ^ffl^ 4" * fiHj# * 
T-±ta?S.*:500~1000 < C(C'Sr^LT±fa^'1' > =V F 

[Bl#*3l JllSJJfeHjMSLfcW^, ra*:300~1000°C 

©#±«-Fe - B3R^«5»*0«3tfto 
[»**4] R 4: Fe 4: BSr£j*^t Wv=fy 
F ^:600~1200°C(^^ L-X^U^^ 



(2) 



^7-685 6 1 



* T% : 500- 1 000t L TH 2 £ Si £ /ct£ . 
H 2 tf*f£t) : 1 X 10- 1 Torr£JLT<7)*^#H^^ fcttfttf;* 
^IE:ixio- | Torr»TO^Stt^^#BB««J:*5*'X?ift 
a : 500— lOOO^T'JISjy&S L, 

^-c^r^b-bfS^aS^oo—iooo^ici^^L. 5lj^T 

H 3 # * IE 2j # 1 OTorr ± £>H 2 ;tf * * £ 13H 2 ;2f * 

^EE75U0TorrJW±OH 2 ^^ t^fSti^^^^^H^* 
T?±KigJ[ : 500~1000°C(C>S:^ L T±E*9«ffc*&g*'i' > 

«t-raif*3«4E«lO*±S|-Fe-B*-&4*^»* 

[W*«6] iEKHjJaaUfco-fe, rU* 1300-1000^ 

T«l, 20 

10-760Torr-Cfca ^ t t i"^lf 2, 3, 4, 5* 

fed: 6 KlfcO*±Sg-Fe- B »^B5»*©Jlffifc 
[I»*il8] ±ERtFei:BSr±fii^i:-fa-frA^art: 
J&SJjR^S^^T'Riffe.B) ,oo-x(-^V>T. 
12^X£15<£>4§-&tt: N ±KRfcFe£ B£±]*#£:i~5-& 

^wJSWkfil^ y h^m^r t> 30 

Sr**fci-5«l**4,5,6**:tt7|5«t<0*±a-Fe- 

ClOSSWtt:* tCtl«^#tt^*t5t±S - Fe-B=& 

Httlc, Y$r$tr*r±IS7C* (KT, Rt^t) >Fe£ 
BSr^fig^t-f SR-Fe-B?K^flS^«&*tt, R-Fe-B^-£ 



tt*OR-Fe-B3R-&ft««t&*0»iiter4, 

(a) ±ER-Fe-B*-&^0-f y^j/ K friKtit^&tctt 

(«X.a«W!Ba60-257107^«. #S9Bg62-23 
903^ffl#fig) , 

(b) ±ia (a) o*ffi^«e>nfcK^«&*s:, 

SrtTofct), 800°C— 1100°C(^D^LX^S*i"t"^ 
3f?£ (0J£tf4SBflBgGl-2665O2^«, 4$BflBg61-179801 
4#BBBa61-214505#^«#RR) , 

ft : j&ji m— ^Cl00/j mCOm^^n^^ 4# 
HIBB60-17905-§-4>?R x 4#MBS60-207302-§-^ffl#fia) * 

±IB«*(OK* (a) , (b) (DKig&tCj:oT#«bn 
fc«^&*<&*fiJtttt, ±«"C-fcSRaFe,4B4feJRM^^ 
ffi ©T, R 2 Fe,4B*gt V^^) s R-richfg N *5 J; O'B-ric 

hti**fejBj«s*txv^a 0 ±ia«e*osw (a) <t>M3£ 
sttfcftjftT?*>5o ±k^*^!$^ (b) <D$m 

ftJC<toT»6>nfc«^»*^iaill«Ctt, £t@ : R 2 Fe 14 
B*g CO ffl ICR- r i chfg ^ £ frl Z> 0 

±m&$:<o8iWi (c) (Dm&m^ mfr^fetoms, 

Aid J: 0 ^t@S*^ B B B >fb:$^:/c^ B B pm®^#5^jST' 
fc & , ±t9 : R 2 Fe 14 Bt@OjllIS^T^e/^^ 7 *t@ri s ^ft 

tS : R 2 Fe,4B*ii-t(^jgH*CR-richffidS?gAS:*Hfc*aai 

•TCn*:«ft4mSr*i-5R-Fe-B5R^«^»5|cB:, -t 
©tt*©»fc*s&T© (1) ~ (4) -Cfon«J:v^ < t% 

( 1 ) £W : R2FeHBtgO^^ e s 0 ^^5O/i mJWT. 
L< fi0.3/i mHTTfc5:t, 

(2) £fB : RaFe^tBOfeftttrt, tefttt#»*-iS5[« 

(3) ±4S :RaFe,4Bta<^jtgfi3K#fflt-R-richta*fctt 
T^/W^ 7 7 ^«3&Sffft ±IB^tS<^>Sft8[^R-richtB 

(4) JK5»*OiB^OR2Fei4Bffi^fcV>T, ^b h b^M 




5 

<£> 51 1 *8f 0 £ tl Z> it #> K 5 — 1 3K0ef£S <£> 
tfi&TU H^tt4 l bS<. CT^tfE^a*^ 5Ton 
ofco *fc, ±E«*Oft« (c) 0«iS8*U:J:9#fe 

-15K0eS«^K«»*S:*"r#. *»K»Sr35K0e»± 

^-co^> K^^ s *f-CtL/cm^4#tiSr^i-x R- 
Fe-B*^£»5»*©KS6tt SrM*^ < #F?£ ^tr o fc 

( i ) R-Fe-B3v£^:<7M >^ y h, 

(ii) R-Fe-B^^^V^V hSr»*UX»fe*Vfc» 
*/ttttt*OCaai7Ett1Rft»»!: ± 5 ftbH/cR-Fe-B 

( i i i ) : 600— 1200^^1$ L T*Sf K^kftlsS Srfi 1 <C 

o^±iaR-Fe-B^#CO-f h («T> «&»t«a 

-Y h 1 . 

(iv) ilEtSKfbtta^^^y hSr»1*LT»bnfc*& 
* * ter^S : 600- 1 200°c tc{£^ L T*SHfrf fc«WS £rtr& 
o/c_hf5 (ii) tf>R-Fe-B3R<&&eO»5fc («T> «Kft» 

4"T\ ig.ft:500—1000 l C^<ftl$LT±IE-&^<0^ * 
Tt#b4xfcR-Fe-B*^^^«&^tt, '>4< t 4>5KOea 



(3) 7- 6 8 5 6 1 
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Lfc*^K«5t>, ^ <>5K0eEA±^i««MK*£:flS 

oT, 

CD Hi^^#H«^**:ttH 2 Sf^i:^JStt^^oa-&# 
IS^Ul&l^T, ia*:500—1000 , C^fitj$LT±fE-&^ 

10 {fcj&g^KHafrKK^-Sr, 

@ H 2 ^f ^ffi* : 1 X 10- l Torr£JlT<OK£#[at\.£ fcttH 2 
TISS : 500— 1 000°C t'K^l L , 

(3) OV^TiftiH-5J&\ ^«:300— lOOO^T^^Sft^ 

±ER-Fe-BS^£«^*&*0«jgtel;io^-T\ PH^S^ 

JS*5f-C&5±ER-Fe-BS-&4ktt^ -Y^^^h. *&*T*fc 
20 5*^ >f >=fy hi: UTfflV^<t 9 1>*9K^t:«ta>f V'^ 

^Ol^ll gfatbT^bnfcR-Fe-B^^ ^=fjx 
h, ±E«Ha-f^=fy h*»»Ufc»**fctt, 
Ca51^*£^lC £ 9 »fetb^R-Fe-B*«^4fe*&5S(O^JR»«S 
tt. ±t LTiffi : RaFeMBffliJit/Nd-richtS^feWj* 
StUTU^A^ ±ER2Fe„Bffl*fCB, a - FefB, Nd 2 Fe 

30 ^i^oiwswtf m itv^ : t*s*< , -his 

#?«H*a)»4t5Yy^j/ h*fcf4»*Srl!K»i:-r 

tC^^Lfe, H«»^^tB : R 2 FeMBffi^±tl ? Nd-rich 
ffi b * 5 ^IftMlY > =f y h * fc 
^tUCTilTffll/^*^ »bixfcR-Fe-B* 

±E^<0^>=fs/ h^fc^^ktoS-O^V h£rl£ 
40 *ST't5o ^bt-^ Ifmh LTiia^OY h^ 

f|#{C N R-Fe-B^^^Offi^^^t@ : R 2 Fe„Bffi<^ffi/£tt 
iS. o*9. ^gr^T-Rx(Fe,B) 10 o-x«-*5V>T, 12 

-O-^s/ h«rW»i: lTfflv>5^stf* LV\, 
t^U^t, s ^W^^X-Rx(Fe,B) 10 o-.x»-*3V> 
50 T, X<12*fcttX>15-e*Sixa»^-&^t-O^T 




±IB*&K{b4flfaaJEtt, 600— 1200^3 (»*L<tt, 900 

-iioo°o ^$£Hrtx-fe^o ^{kiaaajc^cotfcj: 

0ttv^tiS^^^b«!.3B^^:*#|ID«:■i■5«:ft^-, Xtfi<)4 10 
Ki4jWB<* — ^ N l20tfCS:jBx.5 t±IEW^ =*V b£ 

»3|5|.©R-Fe-BgR-&4Sr*ia^fe±iE<Doxa 
orflg:50o— iooo < Ctc:#ai-5ji c t J o?Stia«tt, L 

> ^Ste # ^ co »-&#H« * # J: v \ 

«H 2 ^^^IE^> '>ft< i: fcl0Torr«±4:ft£«fc 9** 20 
W=T?f?5Ci:*s»*LV\ ±E#H^£: LtH^^^fc 

ft<, «»fcfc5±ER-Fe-B*-&A*M b> 

35SR-Fe-B*^A<or Cnfc«««tt If 

# * #EE ^ 1 OTorr** T-tt , J^$* r 2b 5 _LER-Fe-B»-& 

^k^a«»*^3E^(cjB«E^t:-r 5 £ T-Hj^KiK $ nft v > 

<o-cff*U< ftv\ 

±12 r^ft:500~1000°C(C^Lj irtt, ±ffiffl«500 
-lOOO'CcDlBiartO— 5£il««cft»i-5*:»fC*<, ± 40 

Eruai&is rt T#asiMts£ rafeaSMt $ * r t <t v \ 

ttl*«ft#a*fcB:*aaMt3 

*Tfc<tv\ s&i^ ifaaSrsoo—iooo^oiBHrt 
a*WbS:**rtiv\ 

aaa» b JbEr&s : 500- 1 000^ ^p^-r 5 & ^ <o#h^. 

«fcl^o ±ffi^S:500-1000 c C{C>S:^-r5 t #tt* H 2 ^f^ 50 




«f4>¥ 7 - 6 8 5 6 1 
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tt#3TC*3o a«:500— lOOOtOfitWaK, « 

SHft^Oift^Faft^SOO^iDiftv^t, ±E-&£«5 
»*0«(WEft*3E»te#b*ti". lOOO^CJ: 5 «v>^H 2 

±E0©IiO»78, H 2 ^^EE^J:lX10 , TorrWT^ 

#*#HS»;i ft £ * -ca« : 5oo- iooo°cx±ts©com 

EO©^XSfc|B]«(C±fEaft:500--1000 c C(^gBHrtO 

— £a*ic«#^5fc-tt^fc<, ±Ea*tsiart"ca:* 
ft £ £ ttft«w^#aasft * tti*a«ft ^tttj: 

<, $bK, _kEi^g:500— lOOO^cotSBrt-c, #rU, 

te, H 2 ^f^EE^^/c«^ffi$r 1 X 10- 5 TorrJ^Tf- IT t> 
L < ft < , i000 D C£jg^5 klMt«H«»*^:tt*&**5E 

teStt, JblE^«^«&*<^«*S^ftffllH2^k:SrSMt 
t5tOt\ Hi^^JEASfctt^EE^l X 10"' Ton* J: 19 
t K v ^ t J»Mk3ftS5F3(S-» t ft 0 , b Hft 

±E®(OXSt©<OXS(OaS*BHttlRl— "C'fcS^s d& 

* T?««r L tc r^S §r * co * * L T^H 2 ^ L ft 

s B B 0 *^m^^ ft a fc «> h 2 ^t ^#ism * * «: 

ft*5, ±IBco0, ®^xej»Tft, »9 5SL_hE<D, © 

Am jfi * -ens * * j^stt^ ^ -i 3 x- *:a* 
x% ^wsucu-c-fTio ±E«a«taa*tt, 300-1000 

»*L< (4550— roo^oa^lSH-cfc^o 
&mn, ±E^ett^«-J:9aa*t?ftaiL*:«, w 



(5) 



(MB:, Co, Ni , V, Nb, Ta, Cu, Cr, Mn, Mo, W, Ti, Al, Ga, In, Z 
r, Hf ) <D 1 fc tt 2 lH±0'>tT?t*Lt <fc V \ 
£/c N B O — p|5?r A (Att. N,P,S,F,Si,C,Ge,Sn,Zn,S 
b,Bi) CO 1 1^ /ctt 2 ffi^±^'>tT'f 1 1 T t J: V \ 

»i-ABItt, Saa»b<P#a i f , £>#ia«£JI£, ^FStt 
^f^^fcfiH 2 ^^^ ^ft:500-1000°C<DgSBrtCO- 
3£a«U:*«FU JblE— *a*fc«»boo, #ffl^2r 

H 2 ^f^JE^:l X10- l TorrJWT^*?5#ia^^^^H 2 
^f^^BE: 1 X 10- l Torr^T^^et4^^#ia^t-^5 * 
t-Mll, oi^-cfta-t-5»iS4aa^* — >Sr*b 

J(5i-BHtt, *aa*fctf>#M&+G>#Hft8:J*ffl* ^®t£ 

KS#0i«*^ittH2^f^^ffi:l XlO-TorraTCO^Stt 
^^^IS^lC/^5^T'raS:500~1000 o CO$&[SrtX'^ra 

ffi<t**riftft«ab, ou^-c^ai-s8i5e*0sa^<^ — 

Stfetf ^oa-^fWaSUc *5 v raft : 500~1000°CCO$6 
irtlCT, Jia.*3j:tf— 5ta«<iM"*U o^-CH.#;*EE 30 
A:1X 10 M TorrJ^T^K^#ffl^ * ttHitf *#flE : 1 X 
KT'TorrfiA TO^gft^^fi^C * 4 * "Cift« : 500— 

iooot:<£>®fflF*9t£T£ feln#a, — 5ea*(R«*5£tf* 
aoa£ffifls£J£bTIJto4&aU SfeK:— SaflMSfS 
coSftfflSSrJKbT, »aJ-t-5«56*aa^^— >Sr»bT 

»i-Digtt, Sa^bO#a*<0#H*«:JKS* ^Stt 
U H 2 ^/^#fflM^fc«H 2 ^^i:^F 
StS^^o»-fr#ia«»c*5V^-ca.«:500~iooo < t:<DttH 

b > Ol >TH 2 ^^JE^I : 1 X 10 _1 TorrEJlTOK2g^eia* 
fc 1 X 10- l TorrJ£JlTO^gft^^#[a^(- 

4S*-ea#:500— 1000t:<£>$&fflF*3U:T£ bl£#a> — 

«a««»i3<tv*aoa«^b*iifibTjW2fflabfc 
\k. — acaa^ftjftb-c, $bt-#^ — jsatffiy**> 

JblB*l-AB**bJRl-Diao«3e«! ! 3a^* — ^tt, w<D55 
fcfcl**U:ifl¥1\ wOJSWtt, ±ia*i-ABI^bSBi-DH 50 



fr^vsp 7- 6 8 5 6 1 
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±|B»it4Q.S^# — ^i-i9*QfS-T5i:, R-Fe-B^^ 

K{ttea»*r4, *2H (a) - (c) iOT^tiana 

•r5R-Fe~B»^#^«&*t >i-5o WtLT, ±fE^& 
O^^^O^P^O^itffiT^S^5^i-oV>r^^ 

H2E] (a) ft, ±E-&4k<D^>=f-/ hSr«*tt^»» 
bT?#btLfc3g)^0 lHOt&^e^^E^ElT'fc^o Jb 

#Fbfcfc<Z>T-, ±IS*2EI (a) tc^$^tx^a± 
R 2 Fe„B*@ 1 *5 <t tKR-r i chla 2 b fif £ tlX V ^£ Q 
_hlEfg2l*j (a) |Ji**ix5iaj»Sr#-t-*»*S:. -(0 
3SWO»J6fe^J:oT*&a-rs SB 2 EI (b) 
*bS <t 5 RaFe^ffi^ff ^Sfe 1 ' 3& S 3S£ b*&», 
JblE*QiS^T^tt> S2gi (c) -C^§tt6R2Fe u BtB 

is^2H3 ( c ) x^^fh^nm^^(Dmm^n^m^ 
namkv&j&mibtt.. mzm (a) ^£n5R 2 Fe M Btg 

lj&MeaEHSSL Wft»8r*5^bTfc, Jb«BW*84tti' 

So f§2 ID (c) fC&^T, R-richtE2H, R 2 Fe l4 B*@ 
OBeSfil' »©tt»»l£#ftb-C^Sas. 
bl/^^m^-e^, R-rich*B 2 «I5 fc Ay if#*Eb*VN 

U±s a»»*t»S»«t»"C»?>n*:l5 2H (a) III* 3 

irKU^S^E! (b) cDi§S^MX^2|H 
(c) OffttAM^IUI^&ttSw JrMUtHS:^ 
xmm bit**, X^OSl3tXm^^V^XR-Fe-B^^& 

ai5gbT»b^tfc-f ^=fj/ h*fett»*oamt4, 

«iSXe^*5ft5*#*J»^5p+»4*:»»2H (a) 
O ± 5 *^^l-R2Fe l4 Bffi43iOT-richtB^e)<C4 2ti 

/c«^*Offij^«, fll«f3ftS*Ufc9, RaFeuBtB^Ka 
-Fe*i. WeiTW^O^SHIHBtWab-CV^So ^Hb 
*¥9flB«Sr»2-iBI (a) (C^-To JS2-1BI (a) 
l^T, 3tta-Feffi. 4 ttRaFenffiTfc 9 > 

±iE*2-iei (a) ^^ixS^spWffiSr^r-f-S^^^ 
5o bfc^oT, JS2-1H (a) fc*£ft5*¥«tB«r 

#i-5>r>=fjy h iewkfta-ra r t ic 

i9±Ea -Feffi, RaFenft^SrffiftbT^IRW^JB* 
i^rbfc, *2-lH (b) lOT$^i5I^SWOTe 




(6) 
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uBffi k R-rich*B<£> 2 tBO**> t » 

(c) J; 5l-R 2 FeuBt@<DS^ B %^l / 

£L*ft»* ±K«i«»T«ttJS2-lE] (d) tc^^na 

±fE*2-10 (c) — |l2~l|g] (d) ©Iltt, ±ffi^2 
H (b) — »2EI (c) OIgti<p]CT'fe5 0 

ftgt4 9 ?#^>0. 3 mlCiSV N 0.05— 3 ju mT*&9, L 

(2) £f@ : We,4BtB(OWteJiao— «©»»«BlCR-r 
t4b%ttJ|Lft^fffiELftV«ff«|S#*oT(), 

SS:3. 8m m ONd-Fe-B^-g^SS* t U r 
SrSl:2K— KI-a^tMl^lcAn, Jt£*:i.OXio 

BU 810°CX5B#r^^CO^T\ latmC0H 2 ^^#[S 
BE*:1. 0X10- s Torr(DX^S{C LT, ^rt ^latm^T'CD 
ififea^*— >-SrSR3Bllc*-t- 0 ±|E»3S{^Sti5 

ONd-Fe-B**£tt5»*Sr»fco rtf>««tt*©««; 

■To &4BI (A) te±IE*5»***»t^»l 50 




12 

JtSr^U ±IS^4 0 (A) (^&«»«^R£r«^L/c 
^*t#bn/ciffi^EI$'m4Sl (B) ic^-T e 
ffi^^ffOjg*, ft4H (B) fc*JVvC, att^tBTNfe 
5Nd2Fei4BtB-Cfc t) . 8Btt»Wfctt b ONd-rich 

tB^^E-fJS - hti^lofr^tco ±S^4E1 (A) o*3SE 
«^F-«»»cJ:5^«tt«^Jf^e>, »5fcKiF-rtteNd2F 
e M BtS^o.2— 1.0^ m<DW1££k%Lbte<>X&*) , w<Ofg 

^»«B4:S*U lSK0e<Dmm*P, 5Ton/cm 2 OEE^T'J[£ 
l ^t^-To 

±fEH*£0IJ 1 -C» :3, 8 M m<7}Nd-Fe-BS 

K(cav^*««^l-Aix, l.o 
X10- 5 Torr(OX^t-#^L/c^> latmCOAr^f^ £r*pft 
iAU, -^(7)Ar^f^jE^^^Loo^^)^810 0 C 
£~C#T&U 810^X5 0^, latmOAr^^^H^tf'T* 
Mll/cli 810^^*8: l#Hf7oTjt3S*: 1.0X1 
O^Torr^LT, «FrttClatm*T-Ar^f^ SrglEA LT%*& 

gtfJCU ¥#J£lK:6. 5^ m^Nd-Fe-B^^^^^F*& 

1 * 









ear 

( wm) 


^15K0e 
(Dig 

(KG) 


iHc 
(KOe) 


®^ 

Br 
(KG) 


iHc 
(KOe) 


-a 

BHlD&X 

(MGOe) 


SgJfeffli 


6.2 


8.0 


12.1 


7.1 


11.5 


11.3 


itnmi 


6.5 


9.0 


7.3 


4.1 


2.2 


1.8 


imm 


5.9 


9.1 


6.0 


4.0 


2.0 


1.5 




3.8 


9.6 


2.0 


2.5 


0.4 





X.W> 1 SI-^LfCo 

±fS^JS« 1 T-#6>tlfc¥^«:3. 8// m^Nd-Fe-B^ 
?fi.*»P 3 810'C*T-#iaU ^Srl.OXlO^Torr, jfiff: 



(7) 



- 6 8 5 6 1 



13 



14 



810^, emm^Ltc^ ^fttciatm^T'Ar^Srflft 
it«0»j3 

ilEHEJfcWi-C^v^y h&'faffi&VX'&b*itc¥-%l%L 10 

S:3. 8/i m(DNd-Fe-B^^^*§r. -t<E>*Sl#&01J 

\C S r.<O*0^Offi!igife-C#e>nfcNd-Fe-B^ffi^3|©* 
tt, #>K«WB«5»*fc Ltffflltl^lct, EE 

HS5#|2 

RtLTNd?rfflV\ VF-lf— ^«*<p-C**FU-C»iSL 
fcNd-Fe-B^ <£> J® -T-Scmj^-C'Nd.c ^e,,. oB 8 . ,' Nd I4 . .F 

hSr»J6Lfc 0 ±15*0=** Mi* v^f :h,fc±tB£> 
Nd 2 Fe M B^-grg : 50—150 ^ mOgS&tfcot 0 C^bb . 

Y-Srffl^T, SpJSttK:20/imlct&»L*:o * 

2 



£fc. RtftMS^i; LTNdASrfflv\ Fe-fr&£»5fc 

J: «9 . Nd„.sFe7e.sB,.o0^^fflj«$r*-rSNd-Fe-B^ 

(*tt^Nd2Fe,4BtBttfi[S:15/i m^)jefi«[) 

1.0X10- 5 TorrOK^(C^^> Kffi^T-fiSrSOO 
°C, 600^, 700^0, 750t, soot:, 850^*5 ±tf900^:}o <fclH 

m<0H2#*£JFrtK:ffiAl*rL«>, latm£)H 2 ;ff.*#ffl^<b 

ov^% *ttb#fiWFJaflC-T?#**ri»»IIB1To-c, l.o 

xlO^Torr^KffiKfc U iFrt (Clatm^T-Ar^f^ L 
Tfil9*SrfeftLt, ±|5#«Nd-Fe-B*^*&5feS:» 

/Co 

»J^L/c*£m§r^2^tc^:L/c 0 

±iaj5MS« 2 -CfPfiR LfcNd.ciFc.A/ Nd M ..Fe 
so. 4Bs.s*3 <fc t>'Nd»4. sFers. 5 Br. oCO J^T* WEjsSc Sr Wi" 6 
5p*H3KcS[:20/i m^#«»*^ ^n^XiSS*'- Mc 
^V^i^a^tcAtU 1. 0X10- 5 TorrCO*^^S^ 
'ik , * "CifiJE : 400°C:io X *5 X t>*l 050^ <D & 

rt^SKAitL«)TlatraOH2^^#H^i: ±!E£-i&J# 
r^S X' l o«p|B««f b*>L31 L fc p 



36 









(°C) 


Ndi4..Fe77.oB».i»5»* 


Ndi 4 . l Fes 0 . 4 B5 . 6 


Ndi*. s Fe7..sB7. 0 e5t&* 




1000 


8.0 


6.7 


5.2 




900 


9.5 


8.0 


9.3 




850 


12.6 


11.6 


10.0 




800 


12.0 


11.6 


10.1 




750 


9.0 


8.1 


7.7 




700 


7,0 


6.2 


7.0 




600 


6.3 


5.9 


6.0 




500 


5.8 


5.5 


5.5 


Jfc««4 


450 


3.2 


2.6 


2.2 




400 


3.1 


2.0 


2.0 




1050 


4.6 


3.9 


3.8 



OVT% ±|E400°C*5,tD«450lC*3iT>'1050 < C<O^ma U ^rtKllatm2;^Ar#;*£MLT±iS3fI<Dffit&*£ 



(8) 

15 

tl/cNd,4. 9 Fe77.oBa/ Nd,4.tFesa 485.5*5^^(3 m. s 
Fe,asBr.oO«5t&*(Oift«ia«lc>tr5««*iHc<0 

«-ea*: 500- lOOOt (»*L<tt, 750-900°C) tcfft 
j$L?c£ #fc. R-Fe-B*-&&«5»**fiHB*iHc:5K0e 

H*S#J3 

<C, latn(0H I ^^#H* + T5l*M«»O*#-C*a3aL 

^3:1. 0X10 H Toii\ 1. 0X10" 3 Ton\ 2. 0 X 10" 3 Torr N 1. 
0X10* 2 Ton\ *3±Ofl.OX10* l TorrOJtffi**"C#« 

fcfcf4jttt0!ll fclWW^LT, ¥*9JBS:6.2^ m©li 
*&*£«fco »5>*LfcNd-Fe-B**A«^»*oa«l4* 

Lfc e 

ttWt<Dlt#>\^ OXlO^Torr. 43 J: m Torr i: 

i-a«^tt±IBjt*«3 fc IB— *«="CNd-Fe-B*-&A« 

. * 3 * 30 





gMWfflK(Torr) 


iHc(KOe) 




1.0X10" 5 


12.1 




1.0X10"* 


12.1 


1.0X10' 3 


11.0 


2.0X10" 3 


10.8 


1.0X10" 2 


8.6 


1.0X10" 1 


8.1 


it&#J5 


2.0X10" 1 


1.2 


1.0 


0.4 



l.Oxio- , ToiTJ^T^S^ffi{-LT*5t?^^JS£^# 
R-Fe-BS OJB^-JfcftjSJtTNd* oPr». «Fe.o. aBs. a Sr 50 




16 

;y httifflO(NdPr)aFe„Btg36 s aS*?I120/i mOJgfiS 

SyV&ffl^Tfi*&1*U 30 ji mONd-Pr-Fe-B 

JPICAH, S^^il.OXlO^Torr^K^I-^M,^. latm 

o^ffirt* fe 830°C * L> 830t:-C 5 B#fffl««fi-5 B 

tc\ H 2 ^f^iE^ £5Torr, lOTorr, 80Torr, lOOTorr, 200Tor 
r, 300Torr, 400Torr, 500Torr, 600Torr, 700Torr, 760Torr 
feiI>*850TorrJc^:n^tvSy#LTMSLfcm^> 830<t 
X'Wn. £40#*T o TH 2 Jf ^ JE ^ 1 . 0 X 1 0- s Torr (OS^S 

^rticiatm^T-OAr^^SrcfcALT^Sr^L 
/Co Wll Ufc»*«r?L^t?jW# 13 <T UTNd-Pr-Fe-Bm 

IB 4 * 





CTorr) 


( ILm) 








Br 

(KG) 


iHe 
(KOe) 


BHm&x 

(MGOe) 


1? 


5 


24 




5.1 


4.5 


4.2 


JuiH 

m 








4.6 


4.4 


3.3 


4 


10 


23 




6.0 


5.4 


5.8 








m 


5.3 


5.6 


5.0 




80 


20 


m 


6.4 


9.0 


9.1 










5.8 


9.3 


6.4 




100 


29 




7.2 


11.1 


12.0 








m 


6.1 


11.6 


8.2 




200 


21 


m 


6.8 


10.5 


10.6 








$i 


5.8 


10.5 


7.7 




300 


20 


m 


6.4 


10.0 


8.5 








M 


5.9 


10.2 


7.9 




400 


19 


m 


6.4 


10.1 


9.3 








m 


6.0 


10.3 


7.9 




500 


23 




6.5 


10.0 


9.8 










6.0 


9.9 


7.8 




600 


20 




6.1 


9.8 


8.1 








m 


6.1 


9.7 


8.0 




700 


25 




6.0 


9.5 


8.0 








m 


6.0 


9.6 


7.6 




7- 6 8 5 6 1 



^#tt£ft4*tc^i- 0 

R9BIh JilB>tfflflC:10OTorrOHi^^#B*l-C 

ft 4 H 2 ^f^#ffl^ 
*T«fti-5BR^, H 2 ^^JE*ttlO— 760TorrCOffiH^ 
Wcil^C i*sto*»So 760Torr<£ «9 S5V>ffi^<D»-& 

ft 5 3S 





ff(Torr) 






Steffi 
( Mm) 


fc3 0>SWk(KG) 


(KOe) 


KBr(KG) 


(KOe) 


ft * x. * f — 
SBHm»«(MG0e) 




10 


10.0 


9.8 


8.8 


6.5 


7.0 


5.2 




100 


8.6 


8.5 


15.1 


6.2 


14.6 


8.1 




200 


7.5 


8.4 


14.4 


6.3 


14.0 


8.3 




300 


7.6 


8.2 


12.2 


6.8 


11.5 


10.1 




400 


8.2 


8.0 


12.5 


6.7 


11.5 


9.8 




500 


7.1 


7.9 


12.7 


6.8 


11.3 


10. 2 




600 


6.8 


8.1 


11.9 


7.1 


10.8 


11.5 




700 


6.1 


8.0 


12.0 


7.2 


11.7 


11.4 





(Torr) 


(mid) 


cow 




SI 


Br 

(KG) 


iHe 
(KOe) 


BHmax 

(UGOe) 




760 


28 




6.0 


9.3 


7.5 










5.9 


9.5 


7.4 




850 


23 




6.0 


8.5 


5.1 










6.1 


8.5 


5.0 



*lfcWl^«»#LTf^fi!iLfcT*&tt*:3.8^ mCDNd-F 
K^S: 1 X 10- s TorrOR^^^ 5 *t?»ftl Lfc<£>^ ft 

#HfU-T, ^rM^br&S:810 o C^T'#^L, _b8Eifi 
S:810°C, 5^|IB»»©*#-e«aLfcO'b, 
IE: 1 x lOTorr t*5* -0#« U - <^»H«-CBlft«k 
IU Ar^^Sr»ALT*L^Ufco I^ct^-LT^b 
nfcNd-Fe-B^^»*tt®*LTV^5 0-C?L^"C^ 



i-cnfc^#ttSr*-rSNd-Fe-B^^®[^^^Sr# 
ZZk &T'% Z^k 3»5*>**4o 
HJE0iJ 6 

**«iTKft«aLfcl»»*Sr. *:*>*SAr;tf;*SrJ8 
V>Ti&«:600^£-C/££PU C OB«t 1 #fH«i*G>*& 

»*: 0 w<0«5»*O«Jft«ia^^— >SrftllBI«-* 
3MMH7 

Ar#*#ffl^T^S:630 o C£^#fiU :<o£Sti 



(10) 



7 - 6 8 5 6 1 



19 

m(^Nd-Fe-B»-&&«5t&*S:^a!iLfc 0 :OB5»* 

R t L"CNd fcDyS:ffll\ /7X-77-^jPT'^ Hit 
L-CNd-Dy-Fe-BS(OJ!S : f-»«aj*T-Nd,asDy 1 .sFea2.4B 

5 .6&r£j#; 

* 6 * 



20 



9SU 




( Mm) 


*{8^*§15K0e<D 


(KOe) 




7.5 


8. 1 


15.3 




7.0 


8. 1 


15.0 




6.2 


8.0 


12.1 



^fcot% fttfriooot, AR^f^#S^:^, 40#WKft» 

fco -bIE*SWft«ia>r >=fy Mi* 3kffiO(NdDy) 2 Fe, 4 B 

> =f 5/ F £f»to34FlCA*LK£*: 1 X lO^Torr 

SEAU "tOH23Sf^ffi*Sr*S»Looa«d»foiaaC:500 
t*-CHL, ±E»* : 500 c C(:iT imm&ftL Tc<D 

tc -c 2 mmi^w x^tKD-h, i #m **«t-t ft* : si o°c * -e 

R«U ±fSrS*:810 o CICigL/c^ r^>T*^SrtT^ 
V\ H 2 ^/^/±^:l X10' 5 Torr(D^^#[l^T^S :810 

L N 5p*9tt«:17/i m<ONd-Dy-Fe-BS-&^«^«&*i: L 

Ho = 15K0e^i: ^ CD^>ft::9.2KG 
i*^^:13. 5K0e 



fct 

««8l*««Br:8.0KG 
{S:^^iHc:13.0KOe 
gr^zc^V^— ?gBH.«:14. lMGOe 

io ft, — ^ftS«r«p. diMM^^tt, ten 

««*^(STSr fcfc btwt4 < tCn«Mft^t 
t5I t*s*>^2>o 
jHfifitfiJ 9 

RtLTNd^V\ lf5tLTNd-F 
e-B*(OflfT-ftiaj«;'C, ftlfft, 
Ndjo. 5Fe 8 4. 2 Bs.< 
Ndu.5Fes3.3Bs. 2 ' 
20 Nd 12 . 2 Fe8 2 .oB 5 .8 
Ndiy oFesi.oB&o 
Ndn. sFeBo.sBs.0 
Nd u . 2 Fe 7 9.3B6.5 

Ndi5.jFe76.8B8.! 

Ndis. 3 Fe 7 5. 2 Be. s' 
Nd20.2Fe71.6Ba. 2 

Vrfjz h^^CDNd 2 Fe M Bte^^^50— 70/y m<£> 

30 OXlO'^orrOjIffiJcSl^f** latniOH. 

ft^6>830 < C*-C#ftL, SSO^T^O^ti^^^M+T*. la 
tm<DH 2 ;tf^#|g^ N $ fetC830^T-3P*P B 1«^<a*# 
T?200TorrOH2^f^#H^* "Cfta L/c&tC, 830<C-C# 

1 NFBOtToTHi^^JE* : 1. OX 10- s TorrOK^^iC 
It, ^^{cilatni^TcOAr^f^SrffiAL-C^ h Sr 

^L/Co ro|llte0S9(^aiiit«! ! a^^-->S:»l4El{c 

40 4r5pt&fi:a[:20ii m(DNd-Fe-B^^#:«^* §rt#/c 0 r 

U lSKOeOBS^ 6Ton/cm 2 (DJE^XiES&^^L, ft 
50 H^CTlO 



(11) 



21 



ft 7 * 



4$<£*F 7- 6 8 5 6 1 

22 

9 tBH«Ofti4HteS%*ixS* 



(M?5#3<) 










iHc(KOe) 


Rr 

(KG) 


1 riL 

(KOe) 


DTlma x 

(MGOe) 


Ndi o. 5 Fes 4 . 2B5. 3 


mmw 9 




2.5 


3.6 


2.5 


- 






1.0 


3.5 


0.9 


- 


Ndi j . sFeas . a Be . 2 


mmm 9 




4.3 


4.0 


4.1 


2.2 






2.1 


3.4 


2.0 


- 


Ndi 2. 2Fe a 2 . oBs. a 


mmm 9 




8.8 


7.2 


8.5 


10.1 






5.6 


6.1 


5.2 


5.4 


Ndi 3 . oFea i . oBg . 0 


mm 9 




9.6 


6.8 


9.5 


9.7 


adfcMio 




6.2 


6.5 


6.0 


8.1 


Nd) 3. sFeao. 5 Be. 0 


iiafefli 9 




9.2 


6.0 


9.1 


7.4 


*&fe#J10 




6.4 


6.0 


6.3 


6.8 


Nd] a. 2Fe79 . aBa . 5 


Sfc&fc^J 9 




9.5 


6.2 


9.4 


8.0 


grano 




8.3 


5.9 


8.3 


7.2 


Ndi 5 . i Fe? e . s Bb . t 


HJfcflJ 9 




7.7 


5.7 


6.0 


4.1 


IB&fiflllO 




14.3 


6.3 


14.1 


8.2 


Ndi s . sFe7 5 . zBg . 5 


mmm 9 




8.1 


5.8 


8.1 


4.0 






16.2 


5.3 


16.0 


5.5 


Nd2o. 2Fe? 1 . sBb. 2 


sekh 9 




7.9 


4.2 


7.6 


3.1 






12.3 


4.0 


12.4 


3.5 



mnmu 



9*5j;t>'10(C^V^TiBijgLfCwO^BJ<DJKjt 
iHo^^d? hfcJ:t>'it&*Sr, ?a«:10505«40 

« 8 



TfL^^-C«¥# »i<TU #^¥^a*:25/i m<73Nd-Fe-B 
T^fc 0 Jtlk0f9 fcRttlc, #+085»*4 5>L«l:* 











^^JiHc(KOe) 


Br (KG) 


iHc(KOe) 


BH=»*(MGOe) 


Ndi 0 . 6 Fee a . 2B5 . 3 




4.8 


3.9 


4.7 


2.1 




3.0 


3.6 


3.0 




Ndi 1 . sFeaa. 3B5. 2 




5.0 


4.5 


4.8 


3.2 


»* 


4.1 


3.6 


4.1 


2.0 



(12) 



«f4*¥ 7 - 6 8 5 6 1 



23 



24 





<r>mt 




K«5 


^lK^iHc(KCte) 


Br(KG) 


iHc(KOe) 


BHmax(MGOe) 


Ndi 2. z Fes 2. oBs, & 




10.8 


7.5 


10.6 


13,0 




10.1 


6.3 


10.0 


8.4 


Ndi a , oFee i . oB«. o 




11.6 


7.3 


11.7 


11.8 




11.0 


6.8 


11.0 


10.1 


Ndi 3 , 5 Fes o. sBc. o 




12.3 


7.1 


12.1 


11.2 




11.4 


6.5 


11.2 


9.3 


Ndi 4 . 2F67 9 . aB6- 5 




12.5 


6.6 


12.6 


9.5 




11.2 


6.4 


11.0 


9.3 


Ndi 5 . 1 Fe7 6. aBs. 1 




9.8 


6.0 


9.7 


7.1 




16.0 


6.3 


15.8 


8.4 


Ndi 6 . 3F67 5. 2 B&. 6 




11.4 


5.7 


11.2 


6.5 




17.3 


5.2 


17.0 


6.0 


Nd2o. 2Fe7 1 » & Bg , 2 




12.4 


4.1 


12.3 


3.6 




13.0 


4.1 


12.8 


3.7 



*&Kffc«ka»*fc Lrfflv^fc*ds. r.<0*9!0>»ifi8!-c 

l#fenfcNd-Fe-B*-&4»^»*0«ft*M4tt, — Jim 
it^wt^^o W-¥-B'»*-eR,(Fe,B) 

e-B^Offi^-^^T'Nd^sFe^.sBaoSr^J*^ t 
HS:20mmXKS :20mm<D&&'( >=f 5/ h SrJBiit Lfc 0 ^ 
*tP>>f HfiitiONdzFeuBtE^^i^SS : ^40 a* 

mCO*£ H e e &T'fct9 , a - Fe*B#«tFf LT^to -bfS'S-f 



X 10" 5 Torr <DM?E l-#*C L fc . tUf^ #E : 200Torr 

30 (Dfcm : 85(TCS"»i$ Loo 1 WBB**S:tT*oTHi^ 
^EE:lxiO- 4 TorrCOAr^r^#H^:t L, o^TitfttoajF 
rtlcAr^fc«IEAU"C»ff-ft*Q!a>r>=fy hSrfii?&b 

L> »9*tc^$*LS¥*93K«ONd-Fe-B^-&^«5«> 



mm 








(*C) 


mm) 


( tin) 


(KOe) 


SBr(KG) 


(KOe) 


fflBHma.(MGOe) 


mmmiz 




42 


7.0 


6.5 


6.7 


4.0 


500 


40 


33 


7.5 


6.4 


7.3 


4.3 


600 


40 


35 


9.5 


6.1 


9.5 


8.1 


700 


40 


40 


9.9 


6.5 


10.0 


9.0 



(13) 



^sp 7-68561 



25 



26 











(TO 




( mo) 


(KOe) 


EBr(KG) 


(KOe) 


9tBHm»x(MG0e) 




800 


40 


36 


9.8 


6.4 


9.6 


8.8 


900 


40 


33 


11.6 


6.8 


11.5 


10.1 


1000 


40 


41 


11.3 


6.7 


11.4 


9.7 


1100 


40 


36 


11.5 


6.8 


11.5 


10.0 


1200 


40 


41 


10.6 


6.7 


10.5 


9.0 


1300 


40 





^ (Dmm. »t* §r s mm*mm$i w- -e an ^ l *s m £ as 9 

;l/ y # 7 ^ ^ t 1 , 15KOetf>#£*§ 

+ , GTon/cnrCOlE^T'EESI^L, ^5:120^, 6 R#M 

fclcff £ L < It, 900^—1 lOO^-Cfc a CL £ 3& s *?^5o 

RtL-CNdS:fflV\ WJSKSflWCSfW, flH&UTNd-F 
e-Co-B^ <D JS^*fcfflJ5£~CNdH. 0 Fe7 5 . .Co s . 4 Bs. 5 §: ^/5jt 

Lfc 0 :tlb>fy^i/ htt±ffi(ONd a (FeCo)„BtB3&S3p*& 

SB 10 



Ofe«&*S:l?R«!.3S^«-An, 1 x l0. 4 Tori <DM&&m^ 

J£*P rt leg A L fc * £ 80Torr(^H 2 ^f^ SrSfc Alt U » , * 
C0H 2 ^r^EE^ SrfcfcfiF Loo?M : 840t:£ T*#i£l£ 
J&U rO*«-C5P»m«»LT»SLfc©*>, 840<C 
-CSMHSr 1 WHlfT*V\ H 2 ^/^EE*:lX10- 4 Torr^*^ 

^O^^iCtTAr^5ri|Al, ^ft:600°C^T'ftiP 
L, -cO^ST-0.5^^0^^^tT^o/c^^a 
Lfc 0 r<DjlM0Si3<7>M^Ma^ — ^Sr^l6gl(C^: 











(°C) 


(■*«) 


( Mm) 


fttttfj iHc 
(KOe) 


KBr(KG) 


(KOe) 
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